THE LIFE HISTORY OF THE CAVE SALAMANDER. SPE- 
LERPES MACULICAUDUS (COPE). 


By Arthur M. Banta iukI Wai.do L. ^IcAtek. 

Of tfie UyiurrJiitif of Indiana. 


Durino* the past two }"ears the senior author has been engaged in a 
study of the animal ecology of Maytield's cave, near Bloomington, 
Indiana. An attempt has been made to work out the distribution, life 
history, etc., of as many of the species inhabiting that cave as possi- 
ble. The present paper is an exceri>t from the larger one and gives 
the results of the work on the common cave salamandei'. It is based 
largely upon collections made by the authors, but free use has been 
made of material eontained in the United Stativs hJational Musinim. 

(teneual Account. 

KEFERENOKS TO LITERATT^RE. 

The cave salamander, Spelarjhs tnacuUcaK(h(s (Cope), was, until 
comparatively recently, confounded with its near relative and asso- 
ciate, Sj)eleri>ts loNgJcandu.^ (Green). The following references per- 
tain to macullraudu'< exclusively: 

Gifrinojihilus ntandicatidns Cope, Am. Nat., XXIV, 1890, ]). 9(>G, tpj;. — (Rrook- 
ville, Indiana). — Butler, Journ. Gin. 8oc. Nat. Hist., XIV, 1892, p. 172. 
( Brook ville, Indiana; Northeastern Franklin County; Westport, Decatur 
County.) 

Spelerpes macidicinulu.^ Hay, Am. Nat., XXV, 1891, p. 1185 (Brookville, Indiana, 
p. IBlo; Bloomington, Indiana; Clay’s Cave, near Bloomington; Kern’s Cave, 
near Bedford, Indiana); Ann. Kept. Dept. Geol. Ind. (1891), 1892, ]>. 447, 
pi. I, fig. 4. (Brookville, Indiana; Bloomington, Indiana; May’s Cave, near 
Bloomington; Kern’s Cave, near Bedford; Decatur County; and small cave, 
near Wyandotte Cave, Indiana; Barry County, ^Missouri, i>. 448). — (taixes. 
Am. Nat., XXIX, 1895, p. 55 (Vincennes, Indiana).— Cope, Ann. Rept. 
Smiths. Inst. (1898), 1900, p. 1218 (Transalleghenian district of the Caroli- 
nian Faunal area). — Eigenmanx, Trans. Am. ^licr. Soc., XXII, 1901, 
pp. 189-91, pi. xxvii (Rockhonse Cave, Wilson’s Cave, and Marble Cave, 
Missouri; Brookville, AVyandotte Cave, and Bloomington, Indiana). — Eigen- 
mann and Kennedy, Biol. Bull., IV, No. 5, 1903, pp. 227-8, fig. 1 (Marble 
Cave and Rockhouse Cave, ^Missouri). 


Proceedings U. S. National Museum, Vol. XXX— No. 1443. 


67 


68 


PROCEKDIXGS OF THE .V.l TIOXAL ilUSEmi. 


VOL. XXX. 


Spelerpes tnamUmuda 1>latchlev, Ann. Kep, Dej)t. Creol. Ind., (1896), 1897, 
])p. 125-1S8 (Porter’}5 Cave, Owen County, Indiana; Donneline’s Cave, 
Lawrence C’ounty; Clifty Cave, Wa.'«hington C’ounty; ^Marengo Cave, AVyan- 
dotte Cave, Little Wyandotte Cave, Saltpeter C'ave, and Sil)ert’s Well Cave, 
C'rawford County; Indian Springs’, ^Martin County; DonnelsoiLs Cave, Law- 
rence County; Clay’s Cave, ^lonroe County; Kern’s Cave, Lawrence 
County). — Eioexmann, Pop. Sci. :\Io., LVl, 1<S99-1900, j). 474, tig. i (Caves 
Kastern U. S. ); Pnjc. Ind. Ac. Sci. (1899), 1900, ])p. 31-3 (Caves of 
Mississip[)i Valley); Science, n. s., XI, p. 493 (Caves of Mississippi Valley); 
Trans. Am. Micr. Soc., XXI (1899), 1900. jl 49 (Caves of Mississi}>pi Valley). 

DlSTIlIlirTlOX, HAlilTS, AXD HABITAT. 



The Cave Salanitiiider (tio\ 1) is eontined to tlu' Mississippi Valley. 
It has been eoll(a*l(^d I’l-oin '2 stations in Tennessee, I in West Viru-inia, 
I in Kcnitueky, 20 in Indiana, tind 5 in ^lissouid. 
All of these localities are within the borders of 
the Carolinian faunal area (and restricted, obvi- 
ously, to the Transalleg’henian distried thereof), 
a fact which sulliciently attests to the aniiuars 
status as a characteristic Carolinian species. 

It is most commonly found in (*aves, and as a 
rule occurs at no great distance from the 
mouth, usually barely beyond twilight. Thus 
in ^Maytiedd's Ca\e it has been found much 
oftener near the entrance than farther in. and 
the same is true of Truitt's Cave, also in 
i\Ionroe County, Indiaiia, and the Twin Caves, 
in Mitchell, Indiana. Doctor Eigemann found 
it only near- tin' mouths of AVilson's. Marble, 
and Kock House cav(‘s, Missouri. It sometimes 
ventures into the deeper recesses, however, 
being reported from a spot H miles within 
Wyandotte Cave, and it regularly resorts to such 
places to lay its (‘ggs. The larvie have been 
found in tlu‘ remoter portions of AVvandotte, 
^laylitdd's, and iMammoth caves. The Ca\e 
Salamander is likely to be found around s[)rings 
originating from caves, and indeed at anv point 
along the streams tlu'se feed. Tin* neai ly mature 
larva' ])articularly are apt to otaau* \n such 
situations. 

Fni. 1 .— adult .si‘KLi':iipi:.s Occasional! iDaciiI Hunfd\is is found away 

...u-uLicAUDrs. vic-inity of cav(‘s. Mr. ^V. \\ Hay 

writes us as follows concerning this point: 


111 1899 ami 1900 1 foiiii<l S. warn! icandu.'^ and S. l(HH/iraii(hts m eouMijrdhlv umn~ 
in West Virginia, both in limestone I'liverns and in the forest under logs. In 


^Mt has also been called the “ lloosier salamander” and the “ iSjiotted-tailed 
salamander.” 
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the caverufl S. longicaudns ■\vas nuich more common, Avhile in the woods the two 
species occurred in about equal numbers. 

Blatchlev records tindino- two specimens heneatli loos in ^Monroe 
County, Indiana, a mile or more from any known cave and lialf that 
disttince from sprinos or strcauns. Its occurrence at Brookville and 
Vincennes, Indiana, and in Decatur County, localities not in charac- 
teristic cave regions, furtlaM- indicates that it is more or less independ- 
ent of caves. 

This account, however, has to do with the species jiarticularly as a 
cave inhabitant. In ]\Ia 3 diekrs Cave it is dou)>tless fairlv common, 
l)ut is only occasioitally seen and then usually not in remote parts of 
the cavern. Nearly all of the adults seen have occuri-ed between (>0 
and 150 feet from the mouth. Four, however, w(‘re obs(M*ved in a 
passage 67*2 feet back, another at the edge of a shallow pool at 1,:200 
feet, and a recentlv matuival specimen was collected 1,470 feet from 
the mouth. 

The latter occurrence is readily to be understood because tlie larvic 
are hatched and develop in these deeper fastnesses. Inde(‘d, the whole 
character of the salamandeFs distribution in the cave results from this 
habit. The younger larva* occur in the remoter parts. After, and 
even before transformation there is a gradual movemeut toward the 
mouth; here the adults — splendid f(*llows — are most numerous. D(*p- 
redations of enemies and escape to the outer world regulate their 
number. That adults are found in the deeper portions of the cave is 
probabh' dm* in most cases to tin* itecessity of laving their (*ggs in 
water, of which there is usuallv none near the entrance. When larva* 
are found at the mouth or even ouDide of the cave it is probable that 
in most cases they w(*r<‘ carri(*d there by freshets. 

Within the cave the adults are geii(*rall 3 ^ found in a crevice or \ipon 
a shelf of the \vall. Duly thr(*e have ])cen observed on the tioor. 
Their favoiate resting ])la(*es, therefore, are to be reached only bv 
climbing. But this is an easy feat for N. macnl as the follow- 
ing will illustrate: At a point 57;^ feet back two were seen near each 
other in a craniw near the roof above a 15-foot embankment of earth, 
while on the opposite side of the passage one had ascended more than 10 
feet on a perpendicular surhu'e of stone. In .scaling such places they 
are probablv materially assisted by their tails. These are prehensile 
to quite a degree, enabling the salamander to support itself by the tail 
alone. The abilitv of the animals to climb is more sever(*ly tested 
when they are contin(*d in glass jars. Yet they ascend vertical and 
even overhanging surfaces and usuall}^ r(*inain clinging at tlie highest 
point. 

\Vhen thus settled in a coi4ifortal)le ])osition the salainand(*r is not 
easil}" induced to move. In the cave it is not readily disturbed by a 
light or b}^ an object moving near. While light of itself will rarely 
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cause it to stir, the heat of a candle or occasionally the near approach 
of an object will arouse it to action. Its actions when touched are 
almost galvanic; leaping a foot or more at the tirst move, it continues 
to retreat for several feet by a series of leaps and wriggles. Having 
placed some distance between itself and the cause of its fright it again 
becomes quiet and is almost as hard to disturb as ]>efore. 

This apparent apathy even in the glare of a powerful light would 
seem to indicate poor visual powers, but the eye of aS*. inaculicaiidns is 
in nowise degenerate, being as well developed as in the closely related 
lon(j!cmulus^ a species almost entirely epigean. In this respect it 
differs from all other salamanders known to be true cave dwellers. 
Typldotrhon xpdiiens oi southwestern ^Missouri has eyes well developed 
when young, but somewhat degenerate when adult, while Tifpld<niiol(je 
Tatldmni of the subterranean streams of Texas has exceedingh" degen- 
erate eyes, snrjiassing in this i*espect ('ven the renowned Proteus of 
Europe. 

Returning now to the subject of our sketch, we will continue the 
discussion of tlie habits of the adult S, maculicaudus. It is not aquatic 
to any extent; two or three specimens only Imve been found in shal- 
low water during our collecting. In captivity, where choice is 
aff‘ord('d, it alwavs prefers to remain in a damp place whether remote 
from or near the water, rather than in that element itself. 

I)evkl(>p:\iknt. 

In the ])reeding season, however, individuals of this species resort 
to pools of water to deposit their eggs. The process of mating has 
not been observed nor have the eggs been s(‘en. The larvae have first 
been found about Fe)>i’uary o, and are at this time slightly under IS 
mm. in length. Assuming Sj>elcrj>i'f< wacuUcaudus to have about the 
same rate of growth as some common salamand(*r with which we are 
familiar, for instance, Amhlystonta opacum^ these larvie are about one 
month old. This granted, it follows that the eggs are laid in the early 
part of January. Small larvjv have been found as late as ]\Iarch 20, 
indicating a later period of oviposition, but there is no doubt that in 
Mayfield's Cave the bulk of the eggs of this species are laid at the 
earlier date. 

At IT. 5 mm. the larvjc aie fairly active. They have a full comple- 
ment of digits showing that the tirst lar\ al stages are rapid, and that 
perfection in larval is reached ,com])arati\ ely early. The attain- 
ment of larger size is, however, a slowei- process. Twenty-five milli- 
meters is prol)ably the average maximum size reached the first spring. 
Up to this time the larvje are fairly uniform in size, but by the suc- 
ceeding autumn there is a great dispa I’ity to be noticed. I^arviXi measur- 
ing from 31 to 5G.5 mm. have been taken in autumn, and some trans- 
form at this season. ]\Iost of them, however, mature later, twelve to 
liftetm months after their a])pearance in the cave. 
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There is evidence that even a longer period ina}^ be passed in the 
larval state by some individuals, and a longer period than the above 
seems to be the rule for another member of theg“enus, ASjM^Ierj>f’.s hilin- 
eatm. Concerning this species Wildtu’^^ says: *^The larvie * * * 

hatch early and eontinin* for a long' time in the larval state, probably 
2-3 years. * * * The growth must be ex(‘eedinglv slow and 

dependent upon the fortune of the individual in securing prey. I 
have caught all stages from lG-52 mm. at all seasons of the }^eai% and 
see no indication that those larvie collected at any one time represent 
one, two, or three 3 ^ears of detinite growth."' That slow ilevelop- 
ment is the rule in the genus is further shown 1)V the life histoiy of 
jSj>ele/‘pes riiher. Small and large larvie and recentlv transformed 
individuals are commonly found together in the same spring. 

The small larva3 of S, macidieauduH easil}" studied in th(‘ir native 
pools. Thev are most often found living quiet I v on the bottom, in 
their position and distribution reminding one of the johnii}" darters on 
the creek bed. But the analogv can l)e carried no further; the dart- 
ers are the incarnation of irritabilitv and activitv, while no mechan- 
ical disturbance short of actual poking will cause these larvie to move. 
When captured at the first trial the feat seems easy, l)ut when that 
fails the larvie are elusive, and I)}' stirring up the sediment cloud the 
water so that their motions are not easilv followed. Their habit of 
lying openly on the bottom is changed when they are confined in a 
well-lighted vessel. Here they seem ill at ease except when hiding 
under some object on the l)ottom. When disturbed, thev swim rap- 
idly, but not for an}" length of time, as they soon seek tin* bottom and 
nose about fora hiding place. This sensitiveness to light agrees with 
their behavior in the cave. All larvie are vciy much more responsive 
to light stimulus than the adults, the young larvie more so than the 
older. The former alwa 3 "sswiin awiy from the sour(‘c of light, while 
the latter act in a more uncertain wa}", lowering and I’aising the head, 
starting away but stopping immediatel}^ only to lower the head and 
start in another direction. A light held steadily upon them, how- 
ever, will cause more decided action, a slow movement away from the 
light resulting. 

In the very oldest larval stages the}" are also stimulated b}- light. 
A large larva found March 4 seemed annoyed b}" the light, especial!}" 
when it was flashed suddenl}- on and off. This larva was approaching 
transformation. The gills were quite small, the tail had lost some of 
its keel, and in the shape of both body and head it resembled an adult. 
Besides these changes, the larval coloration, while not }"et lost, was 
supplemented by the characteristic spots of the adult. Other habits 
of larva} at this stage are of interest and are best known to us from 
the stud}" of specimens in the laboratory. 


aAiii. Xat., XXXIIl, 1899, p. 242. 
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A larva about 45 niiii. loiio' was rolleeted in the eave iNIareh 15. It 
showed no sig-ns of transformation and for a long* time was eontent to j 
sta}^ in the water, resting mueh of the time upon the lower end of a I 
piece of wood ])lac(Ht at siieli a slant that the larva had choice of vary- | 
ing depths of water. About April 20, more than a month after l)eing 1 
brought from the cave, it l)egan resting nearer the surface and remained . 
often Avith the nose slightly out of ^vater. When disturlx'd, it dashed 
to the bottom, but immediately tried to dart up the sides of the jar 
and g(4 its nos(' out again. It ke])t constantly on the move until it 
again rest(*d in its favorite position on the piece of wood. About 
^lav 1 the young salamander began to sptmd all of its time either on 
the wood or tlu^ side of tlu‘ jar, with all or nearly all of its l)ody out 
of th(‘ wat(U'. At this time its gills had disa])peared; they had begun 
to r(‘dnce ten days before. Soon after ti’ansformation it escaped from 
the jar tlu’ougli a slight crevice in the cover. During its period of 
indoor life it ol)tain<'d little food and conse(|ueutly made no growth. 
This apparently did not retard ti*ansformatiom whicli came with a laish, 
the final (*hanges of form and color s(‘eming almost to 0 (*cur in a day. < 
At the time this larva e.seaped it had no tinge of thi* orang(' so con- 
spicuous in the adult, although in all otlnu* resptnds it was a perfect 
minature of the full grown salamander. ! 

A more didailed account of the linal and most interesting stages 
of larval life is tin' history of a larva taken among some stones in 
water Ilecember 21. It was 54 mm. long when (*aptm’ed, and showed 
no signs of transformation. This lar^'a was w('ll fed with small anne- 
lids and occasionally bits of meat. Dntil danuaiy 20 it lived content- 
edly in the water, but on that dat(' it climbed up on a lioating mass 
of water-ciH'ss and remained with the nost' and ])ai4 of the u])per sui*- 
fac(* of tlui head out of water. On flanuary 28 more of the lu'ad was 
])i-oj('cted, but only ]>art of the time was s[)ent in this position. Dur- 
ing th(' ri'inainder it ri'sted on the bottom, usually under cover. On 
January 20 the gills w(‘re noticeably .smaller, and on the next day, at 
lo oYdo(*k in the morning, the larva was seen on the side of the jar 
with all of the head and most of the gills out of water. An hour 
later it had climbed up fartlier, and was almost clear of the water. 

It was breathing air, the throat throbbing ra])idly. In the aftenioon 
it left th(' water comjdetely, but turned and remained for some time 
with the nose thrust in the water, later remaining in a similar posi- 
tion, but wholly out of the water. 11ie larva was now 57 mm. in 
h'ugth and its gills w('re less than oue-Hfth their original size. When 
distiiiTed, it jiimj){'d down and swam frantically about in the aqua- 
rium, .stoj)j)ing under tlu' watei'-cress, but soon ci’awled up the side 
until oidy the tip of the tail dippc'd in the water. By January 80 it 
remained out of water ab tin' tilin', the gills having entirely disap- 
peared. It was, however. a)>le to remain under water for se\'eral 
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minutes, in one iiistiim c iiftiMm, and often chose to stay under water 
in daytime, remainino- under cover. But most of the day it remained 
above water and at nio-lit seemed to do so entirely. 

Tlie changes in the size of the gills preceding transformation ai’e 
the reverse of stages which tire passed through during etirly larval 
life. These exclusively lai-val organs tire very slightly devedoped in 
the 3 ^oung below 18 mm. in length. In a specimen 17.5 mm. (Mardi 
20) and in one IS mm. (February 10) they are very stubby, with short 
filaments. At 21 mm. (Februaiy 10) the filaments ar(‘ mueh hmgth- 
ened, and a corresponding increase is to be noted in larvte 30 mm. long 
(November 12). Up to this stage the distal half of the gill is clear 
and translucent, while the basal part is pigmented. At 48 mm. (Sep- 
tember 30) some specimens shov' a redu(*tion of the gills, but among 
specimens having them most perfectly developed is one 50 mm. in 
length (October 7). In these larviv the gills are })igmented to some 
extent even on the delicate filaments. Absorption of the gills prob- 
ably takes place in most eases when the larviv are between 5o and 55 
mm. But we have one larva 50.5 mm. long (October 28) in which the 
gills are perfect, although this specimen is longer than many of the 
recently transformed adults. The state of the gills, however, shows 
that it is a genuine larval form, and although we have obsm-ved one 
longer specimen (57 mm.) with gills reduced and near transformation, 
it seems certain that the growth of this individual was accomplished 
under the most favorable conditions and that in it are realiz(‘d the 
utmost possibilities of larval development under natural conditions. 

The process of absorption of the gills is the reverse of that of growth, 
in detail as well as in entirety. Whereas the basal stubs are jiresent 
in early life and from thmn are ]>udded out the filaments, the latter 
are the first parts absorbed, the main arches disappearing slowly. 
After this is completed the place of joining of the edges of the gill-slit 
is indicated for some time in the young adults by a dark line, which 
is visible on both the dorsal and ventral surfaces of the side of the 
neck. Besides the changes in these particular organs of the trans- 
forming larvae the entiri^ Ixidy seems to lose in bulk, becoming tiat- 
tened and undergoing a special reduction in vertical dimension in the 
tail, which loses all traces of the keel. Further, the neck appears 
longer and slimmer, making the head more conspicuous, and, finall}’', 
the eyes become much more prominent. 

The evolution of form is accompanied hy as great a change in color. 
To the naked eye the 3 mimg larvie appear uniforml}' grav, while the 
adult is flaming orange with conspicuous l)lack spots. The study of 
the development of the color pattern is of so much importance as an 
aid in identifying the larval salamanders (a thing still impossible in the 
case of n anv common species) that it has been separati'd from the 
main account of the life historv and treated in greater detail. 
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Development of the Color Pattern in the Larvae of 

SpELERPES ^Iac ULK’AUDUS. 

By Waldo L. ]\IcAtee. 

The young'est larvip of the species arc nearly uniformlN^ pigmented, 
while the adults are marked with separate, sharply defined spots. 
The development of the color pattern, therefore, is the change from 
even distri))ution of pigment cells on the smaller animal to their con- 
centration in restricted areas on the larger. 

At 17.5 mm. (fig. 1, Plates A^TII and IX) the pigment^ cells are abun- 
dant and about evenly distributed over the whole bodv, with the 
exception of certain invariably pigmcntless areas which form the most 
conspicuous and characteristic feature of the larval coloration. The 
least important of these (that is, the one which for all practi(‘al pur- 
poses is identical in adult and larva) is the ventral area and its history 
may as well be completed at once. This ventral area extends from the 
gular fold or from slightly in front of it to the cloaca, often being 
pi*olonged in a narrow line on the tail, and includes the inner surfaces 
of the limbs with which it may or may not be connected. It is gen- 
erally l)ridged liy a band of pigment cells over the pubic region and 
in cases where it extends anterior to the gular fold, by a narrower 
band along the gill slits. In }munger larvie the latter condition exists, 
as the lower surface of the head is not so completely pigmented as in 
older laiATc and adults. In the later larval stages the anterior bridge of 
pigment may separate in the median line or it may persist, leaving 
thus a small separate pigmentless area. In the adult, however, the 
head is entirely pigmented on the underside back to the gular fold. 

In larvic above 30 mni. in length the ventral area is liable to be 
encroached upon bv pigment in vai’ious places, I)ut the middle line 
at least remains spotless until transformation. In the adult, while 
the lower side of the tail loses the marbling which it generally pos- 
sesses in the larva, it retains some pigment; in fact there is no con- 
siderable area on any part of the body free from pigment dots. The 
dots can 1 h' made out with close' scrutiny by the unaided eye, but are 
more easily studied with a h'lis. 

1'hus while the pri‘sence of pigment cells over the whole ventral 
surface is ('xclusively an adult character of the species, and demands 
conside'ration in a discussion of the development of the color pattern, 
this area, with the ('xception of the lower surface of the head, may, for 
the })urpose of ordinary desciiption, as l)efore mentioned, be con- 
sidered immaculate in the adult as it actually is in the larva. 

The other conspi(*uous pigment less areas of the larva are arranged 
in three longitudinal serif's on each side, and together with the pigment 
around them play the major part in the evolution of the color pattern. 

The term pigment ns used here refers to the apparently l)lack color spots only. 
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These .‘ire;is lire roughly circular to oblong, and are most prominently 
developed between the levels of the root of the fore limb and of the 
cloaca, although each series may be traced more or less distinctl}" on 
both the head and tail. Counting from the insertion of the fore leg to 
the region which may be overlapped b}" the hind one, there are in the 
upper (first) series of areas about ten, in the middle or second series, 
thirteen to fifteen, and in the lowest or third series from seven to 
thirteen. 

The upper series is near the mid-dorsal line and in larva" from 17.5 
to mm. (tig. 2, Plates VIII and IX), is the most conspicuous of the 
three, being made up of the largest areas. This series is first to dis- 
appear in the development of the color pattern. The second series is 
situated just above the middle of the side, being visible from above. 
It is the longest lived of the series, sometimes I’emaining quite perfect 
after transformation. The third and lowest series begins under the 
fore leg and extends along the side toward the hind leg, sometimes 
falling short of that point, sometimes surpassing it. This series is 
the most variable and is not of mu(‘h importance in the production of 
the adult coloration. It is none the less an important larval character. 
In some salamanders, notably various species of Amhlystomu^ this 
series exhibits metallic color. 

Returning now to the smallest of the larval stages (17.5 mm.) we 
Avill trace the fate of the pigmentless areas and also of the abundant 
pigment cells so uniformly covering the surface of the larvae of this 
age. Besides the above-mentioned conspicuous immaculate areas, the 
interstices of the pigment spots form a reticulation over the whole 
body, which with the former makes the ground color of the larva. 
In the stage at present under discussion this is light yellow/' 

The ventral area in this as well as succeeding stages is pale. The 
legs are covered al)ove with a coarse network of pigment, generally 
with an open space over the l)ase of the toes, which is also a persistent 
character in the larva. The particulai* feature to be noticed about 
this larva, however, is the uniformitv of coloration, especially of the 
dorsal surface (fig. 1, Plate IX). At 2 1 mm. (fig. 2, Plates VIII and IX), 
the principal differences to be noted are those due to growth. As a 
result the only change in color is a general paling, due to the widening 
of the spaces between the pigment spots. It is possible that this is 
just a little moi’e conspicuous in the area between the mid-dorsal line 
and the first series of larval spots, beginning- the most important change 
of the next stage. 

At 31 mm. (not figured), the pigment on the dorsal surface on either 
side of the mid-dorsal line begins to collect, forming nuclei for the 
future spots. In this first stage of analysis the mid-dorsal region 
retains its reticulated pigmentation. The 30.5 mm. larva (hg. 3, Plates 
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VII 1 and IX) shows the same process; the mi^^ration of pigmenc cells 
from the borders of the upper series of larval areas, destroying them as 
such, and merging them into the now lightly pigmented dorso-lateral 
areas. The pigment on the head shows a tendency to concentrate, 
making this part of the doival surface lighter. At this stage the 
ground color is clear yellow. The second and third series of larval 
areas, and the pigment spots of the legs and tail, maintain their pre- 
vious arrangiunent. 

When th(‘ larva is 4S nim. in length (Fig. 4, Flate^ VIII and IX), the 
ligiitness of the dorsal area is emphasized, most of the priinaiy pig- 
ment reticulum having ag*gregat(‘d into the now distinct spots. The 
spots on top of the head are fuidher intensitied, reaching a stage of 
development in which they remain until or after transformation. 
The pigment-cells move away from areas on l)oth the'lowei' and upper 
parts of the tail at the base of the ke(‘l, marking the proportion of 
this that will be absorbed and forming for the tail dorso-lateral areas 
similar to those shown in the last stage on the dorsal surface of the 
body proper. 

Th(‘ pigment blotches on the legs and on the side of tail, head, and 
body are more widely separated, but the lower two rows of larval 
areas remain intact. The ground coloi* is possibU’ a shade more yel- 
lowish at this stage. 

The principal change in the next stage (ai.T mm., tig. 5. Plates 
^TIJ and IX) is the further development of the dorsal spots. They are 
})robablv as conspicuous in the s})ecimens tigui'ed as they ever are 
before transformation. From the same liguri's it will be seen that all 
the other featui’cs are about the same as in the preceding stage and 
that the ])attern of the legs and the second and third series of larval 
areas ari^ in j)ractically the same condition as in the 17.5 mm. larva. 

However the ventral tin of the tail has ))c(‘n absorlied and nearly all 
of the pigment-cells have migrated from the dorsal keel and are col- 
lected with the i*(‘st in a dense reticulation over tlie surface of what 
will l)c the adult tail. The cells iHunaining in the keid later foiaii the 
few spots that exist on the mid-dorsal line of the tail in tlu‘ adult. In 
all larvic 50 mm. or moix^ in huigth the ground color has deepened 
and is noti(‘cal)ly yellow. 

The changes in form of the body at transformation are much 
greater than those in its color, but the lattm- are important. In a 
sp(‘cimen 55 mm. long i’(‘pr(\senting the most I’ecently transformed 
stag(‘ W(‘ have (Fig. d, Plattvs VIII and IX) tin' ground color can scarcely 
hav(‘ (‘hang(*d from that of the last stage, but the dorsal spots of both 
])od 3 * and tail have attaiiu'd the perfi'ct size and dellnition. The color 
patti'rn of tin' head and legs leinains about as in the last stage. Both 
tin' s('cond and thii’d series of ])igmcntl(‘ss areas ari' bi’eaking up, how- 
evei*. anastomosing with each other and with the adjoining lighter 


NO. 1443. 


CA VE SALAMAXDKUS—nAXTA A XI) McArKK. 


i i 


areas. The pigment forming the lower border of the lirst series 
and the upper margin of the second now collects into the most con- 
spicuous series of s})ots on tlie lateral .surface. The pigment on the 
sides of the tail is also beginning to form spots. 

It is possible that stages of the vai'ions components of tlie color 
pattern presented by this speidinen may be omitted hy some at trans- 
foi’ination, and on the other hand they may be prolonged, in other 
cases for some time afterward. Spelerpas hJIincatus seems especially 
lialde to such vagaries at transformation, and this suggests the possi- 
bility of a paralh‘1 case in the prestmt species. IIowev(U’, the lai’va is 
undoubtedh^ intermediate in age between th(‘ pi-eceding and succeed- 
ing examples making the color stage valid for onr s(‘ries if it is not 
for every one. 

The next stage (55.5 mm. tig. 7, Plates VIII and IX) is a typical 
newly-transformed cave salamander. Tln^ gi'ound coloi* is hanon yel- 
low, the spots are distinct with but few traces of the priinitiv(‘ pig- 
ment reticulation. The pigment on the legs is now for the first time 
collected in spots. The head is more jfiainly spotted, approaching 
nearly to the adult condition. The spotting on the sides of the tail 
is definite though not yet perfect, and of the seri(*s of immaculate lar- 
val ai'cas only one, the second, is traceable. On each side of this 
series of clear areas the bands of pigment cells are colle(‘ted into dense 
bars, which now break up to form two rows of spots^ which are very 
conspicuous in the adult salamander. The third and lowest series of 
larval areas is no longer present. The nebulous pigment surround- 
ing them forms irregularly distributed blotches on the lower 
sides of the salamander and contributes many cells to th(‘ ventral area, 
which now becomes entirely, if sparsely, pigmented. In a salamander 
of this age, with the second series of larval areas almost intact, the 
original position of the three series of clear areas aiid the fate of their 
accompan 3 fing |)igiu(mt masses is not difficult to trac<\ But in the 
fully grown adult, at first blush, it does not appear that the grouping 
of the blotches is the result of even a fairh^ definite .svstem. The 
influence of theii* origin upon their arrangement becomes apparent at 
once, however, when compared with newlv transformed specimens, 
such as the one ]ust described. 

The scattered pigment cells at this stage arc more abundant than in 
the full grown adult, and the pigment blotches less distinct. As the 
animal grows the scattered pigment collects more and more in the 
blotches, which grow larger and at the same time more dense. Stages 
in this aggregative process mav be seen about the edges of the blotches 
on anv adult. Approaching and uewh" united pigment cells form a 
fi’inge about most of them. 

Few other changes occur in the pigment bevond the stage just 
described (55.5 mm.). In manv adults the chaining of blotches along 
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tlie .sides gives to separate spots (Fig. 2, Plate X), but this is not 
an e.ssential cliange as some specimens show a nearly continuous bar 
from back of the eye to the middle of the tail. The ground color, 
however, graduall}" deepens, becoming vermilion in highl}" colored 

specimens. 

The development of the color pattern uvdy be summed up as follows: 
Originally pigment cells are evenly distributed except for a ventral 
and three lateral series of pigmentless areas. In later development 
these acquire pigment by influx from adjoining parts thus causing a 
dilution of pigment. Otherwise the keynote of the entire proce.ss 
is concentration. 

The pigment of the head, legs, and tail moves little, simply crowd- 
ing together in blotches. The concentration of the pigment cells of 
the tail presents one notable feature, namely, that a few cells remain- 
ing in the keel are laid down as median spots when that portion is 
absorbed, forming the only noticeable group of so located sj)ots on 
any part of the animal. 

The movements of pigment cells on the body proper are more com- 
plex. The spots on the dorsal surface are formed of pigment from 
the imiiK'diate vicinity and also from the border of the upper series of 
immaculate areas. The fact that the first spots originating here are 
lateral probabl}" accounts for the scarcitv of true median spots. The 
large amount of pigment paralleling the second series of pigmentle.ss 
areas on each side collects into the two .series of distinct blotches on 
the side of the adult. The pigment of the third .series forms many 
small scattered .spots on the fianks of the adult and contributes to the 
pigmentation of the ventral area. 

While in the development of the pigment pattern there seems to be 
no increase in the number of cells, the change of the ground color 
from buff to orange and vermilion is accomplished wholly by the 
addition of coloring matter. 

MELANlJ^Tir SPECIMENS. 

A point that arises in connection with the matter of the addition of 
pigment is whether the so-called melani.stic specimens really have an 
extra amount of pigment, or whether their peculiar coloration nm^ 
not be explained in another way. Dr. C. H. Eigenmann gives an 
account of two specimens of the cave salamander which have more 
than the usual proportion of the surface pigmentc^d. In one from 
Rock House Cave, ilissoiiri, there is a lateral streak ‘Mjroad enough 
to cover the sides with a mottled pattern.” Another specimen among 
twelve from ]\[ai'ble Cave, ^Missouri, is de.scu’ibed at length:" 

The lower surface of tlie liead in more densely ]>igiiiente(l than in the otlier S})eci- 
mens. The sides are more iinifonnly i)iginented than in the melanistic individual 
from Rock IIon.se. The sides of the liead, body, the arms, and anterior surface of 


^Biological Bulletin, IV, 1903, pp. 227-8, tig. 1. 


NO. 1443. 


CAVE ^=<ALAMAXDERS—BANTA AND McATEE. 


79 


the legs are uniformly pignieiite<l, except a few small blotches or spots. The pig- 
mentation is not as intense as in the dorsal spots. The most striking deviation is 
found on the dorsal surface. The usual spots are jiresent, rather smaller thaii in the 
other specimens. The intervening spaces are more densely covered with j)igment 
cells than in the normal specimens, and in several places, notably the head, the nape, 
and one or two places on the back, the spots seem to have “run," their closely com- 
pacted pigment cells having been distributed in a thinner coat over a wider area and 
form, with the similarly distributed {figment of other spots, diffuse, evenly pig- 
mented blotches. In life the specimen suggested that the inhibitory force which 
kept these color cells from spreading, or the i)ositive tropisni which kept them 
together, was dissolved and the (‘ells scattered evenly in a single layer over the sur- 
rounding region. . The centers of distribution are still distinguishable as darker areas 
at the margin of or in the blotches. 

The ‘‘centers of distrUnitwn'^'^ are more probably the orioinal spots 
where the collection of pigment began. In fact all points in con- 



nection with these specimens suggest that the}^ represent, not moditiecl 
adult stages but inhibited larval conditions. The lateral color pattern 
of the INIarble Cave specimen, as shown by the figure (tig. 3), could be 
easih^ produced by the cessation of pigment aggregation at the stage 
represented 1)}^ tig. 5, Plates VIII and IX (51.7 mm.), plus the uniform 
distribution of isolated pigment cells over the clear lateral areas, which 
process always occurs in the ordinarv adult. On the dorsal surface 
there are not many spots, indicating that a few of the earliest centers 
attracted all the pigment. The diffuse condition of these blotches and 



Fig. 3. — ^fELANiSTic spelerpes MACULiCAUDUS. (Lateral VIEW.) 


the connection of many of them with the lateral pigment liand is a 
further indication of the cessation of concentration at some larval 
stage. The Rock House Cave specimen with its mottled pattern on 
the sides is probabl}^ almost a copy, as far as coloration goes, of the 
larval stage to which we have just referred. 

IDENTIFICATIOX OF LAKV.E. 

Now that we have considered in detail the color pattern of the larva' 
of Spelerpes Qnacul icaudus^ and have many characters to identify them 
as such, it will be of interest to know how they may be distinguished 
from larvje of other species with which they may be associated. 

Spelerpes larvae may be easily separated from those of A^ndAijstoma 
by their more slender form. The latter always have broad heads, 
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their oeneral appearance in the ^vater sngge.sting a small cattish. 
Larvie of are inacnlate at an early ao*e, Inive a dai’k line 

through the eye, and when of fair size show the red lateral spots, all 
of which characters the larviv of the cave salamander lack. In one 
larva of the newt examined, the upper series of larval areas is G in 
n umbel*, tin* middle, 12^ and the lower series obsolete. De.v)iognathus 
larvie are characterized by an upper series of 10 to 11 large clear 
areas which are distinctly dorsal in position and i*un together on the 
tail. (The number given includes only those anterior to the point of 
union.) As this series of areas is distinctly lateral in macul icaii(his^ 
th(' separation of the larvie of these two species will not be difficult. 

In the genus Spelerpef< itself, the ditlerentiation is as easy in the case 
of the species we have studied. Not a sufficient number of longuxnidtis 
larvie have been seen to warrant a detinition. This is particularlv 
unfortunate, as there is no doubt that it is most closely related to the 
])res(‘nt species. In one large larva of loagieutulus the upper series of 
clear areas had disappeared, the middle one had about IG to IS spots, 
and the lowest series 12. If these numbers are constant they furnish 
a means of distinguishing these nearly related larvie. In larvie of 
l(/Ngle(iii(liis that have attained fair size the vertical bars on the tail are 
apparent, thus making this charactei* available for identifying larvie 
as well as adults. 

Only larg(‘ larvie of gidtoJ have lieen seen. These are con- 
spicuously marked. In the upper series of clear areas there are four, 
and the middle and lower sei'ies form continuous light bands on the 
sidc^s of the animal. The b(‘llv is longitudinally striped, this character 
serving to se])arate these larvie from any others of the genus hei*e 
co!isidered. 

The }U)ung larvie of hnineafns have the upper series of larval lu’cas 
very conspicuous and tin' lower two sei'ies not evident. The upper 
of these is developed to some extent later. Also hlUmatKS larvie 
have the doi’sal area light in verv earlv as well as later stages, and 
th(u*e are nevei* as many noi* as pro)uinent blotches on it as in macuU- 
oiiidns. S]>elevj>r,s ruher is easily distinguished in all stages. The 
older larvie are, up to the time of transformation, almost imiformlv 
vernii(‘ulated with })igment, while the young larvie, in addition to 
practical uniforniitv of color, have a decided character in the great 
nuniiHU* of ar('iis in the middle sei’ies, namely, 28. These resemble 
the stitching of a sewing machine, so close together are they, and 
apjK'ar as a linely dotted line on the side of the larvie. In this series 
it will be rememlx'red inacnl icaKdns has onlj" 13 to 15. These 
series of immaculate areas on the side of the larval salamanders seem 
to foi-m a good (‘haracter for tlu' dt'terminarion of species. Therefore 
we oiler tcmtatively a table embodying the results of the study of a 
few species as a further aid in distinguishing the larvie of the cave 
j^alamand(M-. 
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Tahulatlon o/ the immaculate areas cm the sl<lei< of larval aalamamlers. 


Name. 


Spelerpes maciilicaudus 

Spelerpes billneatus 

Spelerpes ruber 

Spelerpes longicaudns. . 
Spelerpes guttolineatus . 
Diemyciylus V i r i d escens 
Desmognathus fusens . . 
Ambly stoma opacum . . 


n See notes above, 

1 large larva at hand. 


T,^pper row. 

^Middle row. 

l^ower row. 

10 

13-15 

7-13 

14 

« indii^tinrt. 

indistinct. 

13 

28 

do. 

unknown. 

16-18 

12 


rontinnous. 

continuous. 


12 ' 

indistinct. 

10-11 

n 

10 

5 

9 

12 


<?Only large larvre seen. 
fi Only one specimen examined. 


Using the table in connection with the remarks a))ove there should 
be no difficult}^ in separating the species treated. 


Synopsis of the Printed Records of the Occurrence of 
Spelerpes Maciilicaudus. 

Indiana: 

Brookville, Franklin County. 

Northeastern Franklin County. 

Decatur County. 

Westport, Decatur County. 

JMonroe County. 

Bloomington, ]\lonroe County. 

]\Iay's Cave. 

Vincennes, Knox County. 

Indian Springs, Martin County. 

Porter's Cave, Owen County. 

Donnehue's Cave, Lawrence County. 

Donnelson's Cave, Lawrence County. 

Kern’s Cave, Lawrence County. 

Clifty Cave, AVashington County. 

AA^yandotte Cave, Crawford County. 

Little AA^vandotte Cave, Crawford County. 

Small cave near AVyaudotte, Crawford County. 

Marengo Cave, Crawford County. 

Saltpeter Cave, Crawford County. 

Sibert’s AA^ell Cave, Crawford County. 

Missouri: 

Barry County. 

Rockhouse Cave. 

AA^i Ison's Cave. 

Alarble Cave. 

Proe. N. M. vol. xxx — 06 6 
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ADDITIONAL RECORDS. 

Besides the stations given above, the following* localities are repre- 
sented hy spe(‘imens in the United States National Museum: Barger’s 
Spring, near Hinton, West Virginia; Union Count}^ and Winehouse 
Cave, Tennessee; Mammoth Cave, Kentucky, and Jefferson County, 
Missouri. The following* localities may now be added to the Indiana 
list: ]\Iayffckrs and Truitt's caves, Stonv and Leonard's springs and 
Griffey" Creek, Monroe Count}*; and Twin Caves, Lawrence County. 
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EXPLANATION OF PLATES. 

Plate VIII. 

macnVcaudas (Cope). 

Fig. 1. Larva, 17.5 mm. long x 4. Lateral view. 

2. Larva, 21 mm. long x 4. Lateral view. 

3. Larva, 36.5 mm. long x 2. Lateral view. 

4. Larva, 48 mm. long x 2. Lateral view. 

5. Larva, 51.7 mm. long x 2. Lateral view. 

6. Young adult, 55 mm. long x 2. Lateral view. 

7. Young adult, 55.5 mm. long x 2. Lateral view. 
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Pl.\te IX. 

Spehrpes ma ciil I ca i uhis ( Cojie ) . 

Fi^. 1. Larva, 17.5 mm. long x 4. Dorsal view. 

2. Larva, 21 mm. long x 4. Dorsal view. 

3. Larva, 36.5 mm. long x 2. Dorsal view. 

4. Larva, 48 mm. long x 2. Dorsal view. 

5. Larva, 51.7 mm. long x 2. Dorsal view. 

6. Young adult, 55 mm. long x 2. Dorsal view. 

7. Young adult, 55.5 mm. long x 2. Dorsal view. 

Pl.\te X. 

ASpeIer])es macidicmuhin (Cope). 

Fig. 1. Half-grown a<lult, 88 mm. long x 2. Dorsal view. 
2. Half-grown a<lult, 88 mm. long x 2. Lateral view. 


